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Description 



ENGINE CAMSHAFT DRIVING 
ARRANGEMENT 

Background of Invention 

[0001] This invention relates to a camshaft driving arrangement 
for an internal combustion engine and more particularly 
to an improved tensioner arrangement for such drives. 

[0002] | n four cycle internal combustion engines it is the practice 
to operate the engine valves from one or more camshafts 
that are driven in timed relation to the engine crankshaft. 
The timing drive drives the cam shaft at one half 
crankshaft speed. Frequently a flexible transmitter such as 
a belt or chain is employed for this purpose. This is par- 
ticularly done where the camshaft is journalled in or near 
the cylinder head where overhead valves are employed. 

[0003] since the flexible transmitters commonly employed may 
change in length during their use and for other reasons it 
is the common practice to employ a tensioner mechanism 
on the drive portion of the transmitter for maintaining a 



constant tension on the transmitter. A pivotally supported 
tensioner arm is generally employed for this purpose. 
[0004] A n example of a conventional camshaft driving mecha- 
nism of this type is shown in Japanese Published Patent 
Application, publication number Hei 8-121188. As seen 
therein, the engine comprises an engine body that in- 
cludes a cylinder block in which a crankshaft is journalled 
with its rotational axis extending generally horizontally. 
Camshafts of the valve driving mechanism are supported 
with the upper part of the engine body and specifically in 
the cylinder head thereof. A flexible transmitter in the 
form of a timing chain drives the camshaft in timed rela- 
tionship with the crankshaft. To maintain the desired ten- 
sion in the timing chain, a tensioner arm has one end 
thereof pivoted on the engine body for pivotal movement 
about an axis that is parallel to the crankshaft axisfor en- 
gagement with the driving flight of the timing chain. In 
this way, when the engine is driven, the camshafts operate 
the intake and exhaust valves in a known manner. The 
tension arm prevents the timing chain from becoming too 
slack, thereby preventing the timing chain from vibrating 
undesirably and producing undesirable noise and making 
power transmission from the crankshaft to the camshafts 



smooth. 

[0005] However, the tension arm is in a free state at the time of 
assembling or maintenance of the engine and one end of 
the tension arm may freely swing with its own weight out- 
ward of the engine body. Thus the tension arm might in- 
terfere with attaching other devices to the engine body. 
To avoid this it is the practice to provide a temporary stop 
means to temporarily restrain the movement of the ten- 
sion arm at the time of assembling or servicing the en- 
gine. However, this complicate the jobs of assembling and 
servicing the engine. 

[0006] Therefore it is an object of this invention to provide a 

simple and effective way of preventing unwanted move- 
ment of the tensioner arm during assembly and servicing 
without requiring removable units for this purpose. 
Summary of Invention 

[0007] This invention is adapted to be embodied in an internal 
combustion engine comprising an engine body rotatably 
journaling a crankshaft therein for rotation about a rota- 
tional axis. The engine body has an opening at an end 
thereof spaced from the rotational axis of the crankshaft 
and adapted to be closed at least in part by a cylinder 
head detachably connected thereto. The cylinder head 



journals at least one camshaft for operating at least one 
valve supported thereon. At least one flexible transmitter 
drives the camshaft from the crankshaft. A tensioner arm 
is journalled for pivotal movement by the engine body and 
has a portion thereof engaged with the flexible transmit- 
ter for maintaining a tension therein. The tensioner arm 
has a portion that extends outwardly beyond the engine 
body opening. In accordance with the invention, a remov- 
able portion of the engine is affixed relative to the engine 
body and the cylinder head and retained on the engine 
body when the cylinder head is removed from the engine 
body. The removable portion is positioned to extend into 
a portion of the engine body opening from the engine 
body to engage the tensioner arm and limit its pivotal 
movement when the cylinder head is removed from the 
engine body. 
Brief Description of Drawings 

[0008] FIG. 1 is a front elevational view of an internal combustion 
engine constructed in accordance with the invention with 
certain of the internal components shown in phantom. 

[0009] FIG. 2 is a view looking in the same direction as FIG. 1, but 
with the engine front cover removed. 

[0010] FIG. 3 is an enlarged view looking in the same direction as 



FIG. 2 and shows the tensioner arrangement. 

[001 1] FIG. 4 is an enlarged view of the area encompassed by the 
circle 4 in FIG. 3. 

[0012] FIG. 5 is an enlarged cross sectional view taken in the di- 
rection of the line 5-5 in FIG. 2. 
Detailed Description 

[0013] Referring now in detail to the drawings and initially to 

FIGS. 1 and 2, a multi- cylinder, four-cycle internal com- 
bustion engine embodying the invention is indicated gen- 
erally by the reference numeral 21. Although the applica- 
tion of the invention is not so limited, in the illustrated 
embodiment, the invention is of the four cylinder in line 
type and is adapted to be mounted on vehicles such as 
automobiles. 

[0014] The engine 21 is comprised of a main engine assembly, 
indicated generally at 22 that is constructed for support 
within a vehicle body (not shown). The engine assembly22 
is comprised of a main engine bodycomprised of a cylin- 
der block 23 having plural cylinder bores 24 with their 
axes 25 extending generally vertically and parallel to each 
other. A bulkhead 26is detachably fixed to the underside 
of the cylinder block 23 to form the upper portion of a 
crankcase in cooperation with the lower part of the cylin- 



der block 23. The crankcase is completed by an oil pan 27 
to hold lubricant oil that is detachably fixed to the under- 
side of the bulkhead 26 in any known manner. 
[0015] a cylinder head 28is fixed in a known manner to the top 
surface of the cylinder block 23 to cover its otherwise 
open top end and to close the upper ends of the cylinder 
bores 24. A cylinder head gasket, indicated generally 
at29, is interposed between the top surface of the cylinder 
block 23 and the underside of the cylinder head 28 to seal 
the gap between their two facing surfaces. Locating dow- 
els 31 (FIG. 5) are provided to accurately position the 
components 23, 26 to 29 of the engine assembly22 in the 
direction at right angles to the axes 25 of the cylinder 
bores24. 

[0016] The top surface of the cylinder block 23, the underside of 
the cylinder head 28, and the gasket 29 respectively ex- 
tend flat in the direction at right angles to the axes 25 of 
the cylinder bores 24. As best seen in FIG. 4, the gasket 
29 is formed with plural (three) stainless steel plates 32 
layered together with not shown interposed fibrous insu- 
lating layers. 

[0017] The engine 21 is provided with pistons 33 inserted re- 
spectively in the cylinder bores 24for reciprocation in the 



axial direction. These pistons 33 are coupled by connect- 
ing rods 34 to a crankshaft 35. The crankshaft 35 has a 
rotational axis 36 extending generally horizontally is sup- 
ported in a manner to be described shortly within the 
lower part of the engine assembly22. The crankshaft 35 is 
located between and rotatably supported between the 
cylinder block 23 and the bulkhead 26 by bearings (not 
shown). 

[0018] The cylinder head 28 forming the upper part of the engine 
assembly22 supports intake and exhaust valves (not 
shown) in an suitable manner. These valves are operated 
by suitable mechanisms from intake and exhaust 
camshafts 37 and 38. The intake and exhaust camshafts 
37 and 38 are driven by a valve driving mechanism, indi- 
cated generally by the reference numeral39, for control- 
ling the valve opening and closing. The axes of the intake 
and exhaust camshafts 37 and 38 extend parallel to the 
axis 36 of the crankshaft 35. Finally, a cylinder head cover 
4 lis fixed to the top surface of the cylinder head 28 and 
closes the valve operating mechanism as described. 

[0019] The valve driving mechanism 39 includes a timing drive, 
indicated generally at 42, to drive the camshafts 37 
and38in timedrelation with the crankshaft 35. The timing 



drive42 includes a drive sprocket 43fixed against rotation 
in a suitable manner to one end of the crankshaft 
3 5. Driven sprockets 44 located above the drive sprocket 
43arenonrotatably fixed to the ends of the camshafts 37 
and 38. Aflexible transmitter, such as a timing chain 45, 
of an endless band shape, extends vertically, and girdles 
the drive sprocket 43 and the driven sprockets 44. 

[0020] The ends of the crankshaft 35 and of the camshafts 37 
and 38, and the timing drive42 project outward from a 
vertical wall 46 on one end of the engine assembly22 in 
the axial direction of the crankshaft 35. The vertical wall 
46 is made up of vertical faces of the cylinder block 23, 
the bulkhead 26, and the cylinder head 28 and defines the 
rear side of a timing case. 

[0021] a drive flight 47 of the timing chain 45 extends to the 

drive sprocket 43from the driven sprockets 44and the di- 
rection of chain movement of the flight 47 is indicated by 
the arrow A. A return or slack flight 48extends from the 
drive sprocket 43to the driven sprockets44and moves in 
the direction indicated by the arrow B. 

[0022] The timing drive42 is located near the outside of the ver- 
tical wall 46 of the engine assembly22 to embrace, as 
seen along the axis 36 of the crankshaft 35 (FIGS. 1 to 3), 



the drive flight47 and the slack or return flight48 of the 
timing chain 45are each provided with respective paired 
right and left tensioner mechanisms, indicated generally 
at49 and 51 to give a predetermined tensile force to the 
drive flight47 and/or prevent excessive slack of the return 
flight48. 

[0023] The drive side tensioner mechanism is comprised of a 
bearing arm 52 that extends vertically along the drive 
flight47 of the timing chain 45 and is fixed to the vertical 
wall 46 by means of a pair of fasteners 53 to hold the 
bearing arm 52 into pressing contact with the drive 
flight47. 

[0024] The return side tensioner mechanism 51 is comprised of a 
pivotal arm 54 that extends vertically along the return 
flight48 of the timing chain45. A lower end 55 of the piv- 
otal arm 54 is pivotally connected to the vertical wall 
46portion of the cylinder block 23 of the engine assem- 
bly22 by means of a pivot shaft 56. Thus the top end 57 
can swing in either counter clockwise or clockwise direc- 
tions (indicated respectively by the arrows C and D) about 
an axis 58 that is parallel to the axis 36 of the crankshaft 
35 and which is defined by the pivot shaft 56. 

[0025] As can be clearly seen from FIGS. 2 and 3, the upper or 



top end 57 of the tensioner arm 54 extends well above 
the upper surface of the cylinder block 23 and with the 
cylinder head 28 removed it could pivot to a position that 
would prevent attachment of the cylinder head 28 to the 
cylinder block 23 and or could become damaged if as- 
sembly were attempted without pivoting the tensioner 
arm 54 to a clear position. In addition this ability for the 
tensioner arm 54 to pivot freely could also interfere with 
other assembly of maintance operations, as noted previ- 
ously. 

[0026] jo complete the description of the construction and oper- 
ation of the tensioner mechanism 51, an automatic ten- 
sioning device of any desired type, indicated generally at 
59, is provided on the engine assembly22 press the piv- 
otal arm 54 against the slack flight48 of the timing chain 
45, thus automatically adjusting the pressing force of the 
tension arm 54 on the return flight48. 

[0027] a timing case cover 61 is detachably affixed to the engine 
assembly22 by means of a plurality of fasteners 62for 
covering the timing drive42 and the tension arms 52 and 
54. The automatic tensioning device59, passes through 
the timing case cover 61and is supported by it. In other 
words, the automatic tensioning device59 is supported 



with the engine assembly22 through the timing case cover 
61. As seen in FIG. 5, the timing case cover61is comprised 
of a cover body 63 of a plate shape covering the timing 
drive42and other components in the timing case and has 
a flange portion 60 extending integrally from the periph- 
ery of the cover body 63 toward the engine assem- 
bly22.The fasteners 62 pass through suitable openings in 
this flange portion 60. 

[0028] As a result of the foregoing construction, the operation of 
the tensioner arm 54contacting and pressing on the re- 
turn flight 48 of the timing chain 45 prevents the timing 
chain 45 from becoming too slack and holds the return 
flight 48 of the timing chain 45 from vibrating thusreduc- 
ing noise and insuring smooth power transmission from 
the crankshaft 35 to the camshafts 37 and 38. 

[0029] Referring now primarily to FIGS. 3-5, when looking along 
the axis 36 of the crankshaft 35, the upper middle part of 
the tensioner arm 54passes across the cylinder head gas- 
ket 29. In accordance with the invention and to restrain the 
pivotal movement of the pivotal arm 54 during assembly 
or servicing a part of the cylinder head gasket 29 near the 
outside edge of the vertical wall 46 of the engine assem- 
bly22projects integrally project outward of the vertical 



wall 46 to form a restraining lug indicated as64. 
[0030] if the automatic tensioning device 59 is not present, as 
during assembly or some servicing operations, the ten- 
sioner arm 54 may swing by its own weight until it 
reaches a predetermined position (indicated with dash- 
and-dotted lines in FIGS. 3 and 5) where a shoulder 65 
formed on the upper portion of the tension arm 54 con- 
tacts the edge 66 of the lug 64, so that the tension arm 
54 is prevented from swinging further in the direction C. 
Thus the chain cover and cylinder head 28 can be at- 
tached to and removed from the cylinder block 23 of the 
engine assembly22 without being obstructed with the 
tension arm 54. 

[0031] | n addition it is also possible, as shown in phantom lines 
in FIG. 5, to form a further lug 67 on another part of the 
cylinder head gasket 29 is made to project integrally out- 
side the vertical wall 46 of the engine assembly22 to form 
another edge 68, so that the lengthwise middle part of the 
tension arm 54 contacts the lug edge 68 to prevent fur- 
ther swinging of the arm 54 in the direction of the arrow 
D. 

[0032] with the above arrangement, if the tension arm 54 is 

made to swing to the specified swing position and contact 



the lugs 64 and 67 to limit the pivotal movement of the 
tensioner arm. Thus assembly and servicing are facilitated 
without the need of special jigs or fixtures. In addition, 
since the lugs 64 and 67 project outward of the engine 
assembly22 and are easy to see, verifying that the gasket 
29 is interposed between the cylinder block 23 and the 
cylinder head 28 is facilitated. 

[0033] As seen in FIG. 5, the projecting ends of the lugs 64 and 
67extend in the axial direction of the crankshaft 35 less 
than the full width of the tensioner arm 54. However and 
as shown in the further phantom lines, the lugs 64 and 67 
can be extended to cover more than the full axial extent 
of the tensioner arm 64. In this way, since the area of the 
lugs 64 and 67 in plan view of the engine 21 increases, 
possible upward splash of lubricant oil from the oil pan 
27along with the upward motion of the return flight48 of 
the timing chain 45 in the direction of the arrow B will be 
restricted with by the lugs 64 and 67 and immediately re- 
turned into the oil pan 27. Therefore, a specified amount 
of lubricant oil is always secured in the oil pan 27, so that 
the lubricant oil is used effectively. 

[0034] Thus from the foregoing description it should be readily 
apparent that undesired degrees of pivotal movement of a 



tensioner arm during servicing, assembly or disassembly 
is prevented by providing one or more projections on a 
removable component of the engine such as the cylinder 
head gasket that provide contacting edges that cooperate 
with the tensioner arm. Of course those skilled in the art 
will readily understand that the described embodiments 
are only exemplary of forms that the invention may take 
and that various changes and modifications may be made 
without departing from the spirit and scope of the inven- 
tion, as defined by the appended claims. 



